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A. -Y 

IA Salmonella, the agent Of genetic transfer (trandoction) ha8 been tenta- 
tively identified as bacteriophage, urhr aertatn aoAditioA6, it appears that 
phage particles may incorporate fragrpentlp of the genetic material of the host 
bacterium, When theee phagee infeot a eecond host they may traneduoe theee genetio 
factors t.0 it, IA preview atudieaI the genetic markera izwolved xutritfonal, 
fermentative a& drug-reaietanae faatorr. apekalal attention ha6 Aav been given 
to the transduction of flagellar antigens, whleh are the barfs of reromio olas- 
eifitation %A two group, Saveral im aer0typea have been built up, M veX1 as 
preeently reaagpised Ilpeaies, by the reoorobinutiarp of antigenia faatarss for ex- 
apple, S. paratyphl B (b8 1, 2) from 8. tgphirmrim ($8 1, .2) X- S. aborry (b8 edo 
The genetio &rfr of xwUlq@lated O-form and Of manaphada SdWalla type8 ha0 
a&r0 been aqd~recl, d dwuld lead to oreful spplieatlolPr in the dmplifieQ prepar- 
ation of diagaurtlo eera and in the typing of otheru5n untypable idater. ‘phs 
genetic mechadem of antigedc phase varlatioa ham ale0 been rtabied, 

In 2. 0011, the genetic sad physiological uontrol of Rrexualw fertility have 
been further explored. Stocks showing extramely hf& fkequenaier Of recombination 
have been found, and wme preliminary etudiea have been made On the aytolO@aal 
basi a of recombination. These do not yet point to sny definite ao~clu~lon~ Lyeo- 
genie bacteriophage has been found to behave aa if it were a genetic factor, and an 
ieolated instanae of genetic transduction by phage har been fouxk These obearvatlono 
pratf& further -port for the prrri~naly wwwpeetod gemtia ibwtians of rymblotia 
phrrps+* INffa rtuu88tith different i6rti1a lizma of E. oou have lsholm 
that fmr0typia faotars are uxb direat genetla solltrol muuh M ln h4#wr 0rm-8~ 
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TEE GEBETICS OF BACTEBIA E72-C(3)-C(4) 

B. Full statement of progress 

1. Saanonefla. 

Previous aPtudies summarized in the last report (February, 1952) have brought 
to light a new mechanism of genetic exchange in Salmonella typhimurium: genetic 
traAsduct% on* Varfoss hypotheses have been entertained on the nature of the trsna- 
ducing agent, including the possibility of its rebationship to t(L-forms,1’ but 
wer8) id&UdOAC%d 88 ne% @v%deXace Wm developed. The agent (FA--filtrabl.e sgent) was 
most consfatently found $A lysatoe provoked by phage and appesred to be associated 
with particles about 0.1 znicron fA diameter. These particlea are evidently bacterio- 
phage itself. The, identity of FA with phage has been sumorted by the similarity 
of PA and phago titrations after filtration through gradocol membranes, high speed 
centrifugation, and most pertinent , adsorption on specific %lmoAella hosts. ]Tt 
has not yet been proven that the same particles which transduce can also lyee: 
possibly, the transducing particles represent immature or imperfect phage. However, 
the more general question has not been settled what d&ermines whether a bacterium 
will lyee or wi-11 become SymbiotfcalIy infected after it adsorbs a particle of the 
ntemperate’fl ph&ges noed in these investigat~one. Whether lytlc phages also potential- 
ly transduce mot be tested as the Asw host cells will be destroyed. Whether tem- 
perate phages in other bacterial species may have similar genetic functions is a 
point that we hope to examine when the 0cca8i0A pSPmit8. 

Aside from the theoretical implications of the mediation of genetic transfer 
by phsge, the characterisation of FA has been very important In guSdin& the prepar- 
ation of FA from other Salmonella serotypes for studies on antigenio reoombinatlono 
The host range of the phage that has been used in most of the studies to date, 
PLT-22, Is confined to serotypes carrying the XIfZ samatlo antigen, i.e. most 
members of groups B and De TaPJperate pheges with different or overlapping host 
ranges would be useful to extend the range of these experiments, espeoially if 
one could agp4 a phage with cosmopolitan range, speaific f& the “Rs antigens, 
Dr. C. C. Spfoer (supported v a W.&O. fellowship) is currently working with 
the principal investigator, but the phages tested have not yet been brought to 
a suffioiently high titre. 

FA has been prepared from a conslderable number of eerotypee in groups B 
and D, and investigatsd in respeot to the basis of O-forms, monophae~c typesp 
the mechanism of phase YariatiOA, and the synthesis of AQN sero fqpes. 

The studies on O-forms ware carried out in aeeooiatfon with Dr. B, A. D. 
Stocker (a Commonwealth Fund fellow) 0 Salmonella type6 &sklng fleg;ella ad 
8[ antigens were recefved from sevexal sources. IA some oases, they were known 
to originate from a definite type; the history and type of others were UAkAOWAe 
IA addition, a phsge was received from 1. Boulgakzow (Paris) that had been de- 
scribed in 1936 c&f9 qoecific for fbgpllated epeciee of Calmone~la, This old 
report had been forgotten or discredited, but we were able to confirm hfs prin- 
cipal findings. The flsgellotropic phago has been a convenient reagent for 
aelecting nonflagellated 0 forms from the oocasio~al susceptible H strains, 
There is no obvious relationship between the flagellar aerotype and susceptibility. 

I% prepared from motile Calmonellas was applied to various 0 forms in semi- 
solid agarB so as to select for any transductions of motility. -8 of motfl.e 
bacteria.were obtained in every CaBe. Wherever the original type was known, the 
transinduced motile forms conformed to it, rather than to the source of the FA, 



%n another instancep the serodiagnosfo of the tranzinduced H form weed 1~1th 
pxevioua mapbo8ona from the bfochemfcal behavlcr of the orig$nal o ($, dubM.n-- 
P. 2, 2zd~~at8, priv* ~023~~ 1. Oee exception to thls rule was found ln a strain 
proalded by P, ~auffmanu, &g O fom desoribed as originating from a monophaeio 
23. paratyphl b. The motile zwarms obtalned from thle 0 form were of two typese 
the firet & eozxforning with the origbal drain, and the second oonftpmlng to 
tho source of the PA e,g, b & from 8, typhlmurlum, tither genetic studies on 
these & tranoinduc:tionz zupport the co~eSuzion that they are exceptional trens- 
fers of two cfsae’ly Bknk~%I factors,, one for motiLityI the other for the specificity 
Q% the H a~t$gcm trhereb.y ,k %z subst%t&ted by & 

Severa genetfc lo&. ~2-0 fimm3rne~ in the imotility of different 0 forms, 
3-A was prqmxwd from 63aOh 0P &ha, wheaOvw feasible, and applied to cmh of the 
otherz. Each PA oonfemwl ~ot%Hity on each of the other 0 formso showing that 
each 0 form could complement the genotype of any other,, 240 0 form could trans- 
duce itself, but PA from e~2?ontaneous motile reversions (which occur lpfrepuen%ly 
lea the cjtrafxao etmP~aed) coaba”erred motll%ty 06 the parent 0. At least five or . 
a&x loui for flagella have thus been identified; but only one of them is linked 
to a determiennt of ?I ant%gam. ltt seema reasonab1.o that Mtherto untypable 
straino should be typed by traxlzduclng motility to them from a motile Salmonella, 
A rem flagellar type should be used as the source of PA to faci.l.%tate the detection 
of exceptiousd. cases +hero the tranainduood %iI may conform to the ??A rahter than its 
own 0rigUd type. Wfortz -to transduce motility to the natural 0 zerotype S, 
pllQm~-g0llinsrum* WQTO tanmccessful. This may be due partly to the strong 
lytfe a&fan of the phage 0x3 a35s boats, In addftfon, the lmmotility rnag ba 
&IS to the coincidence of os~er0.e gsmtio cAstages which cannot be restored aS.3 
at onoe by tr~s~.u.@ti6n, 

Anstha categoqr of irm~ti3.0 r.xAturea was received from E. LePfson--thesk 
&a”8 Q&wlysed, ii i 0 &* * %hgy ~t+m?f a cbiotimtive I4 antigen (So typhlmurlum) but 
the flta‘g~l1~ tax+0 ~Afu.nc%Sona~e FA from 0 forms conferred nom&L mo.tlllty on 
the pizmlyaed s%rakm c aid vi@e ‘YC$ ~,a, In addition, two paralyzed atraine were 
ZCOJJLCI that wr0 tzomplene~tary to etch other, f t is concluded that two addition.@ 
loci, dls%%wt froa these ohstraeterized 1~ the 0 formsp are involved in fba@XLar 
function, Y?huzo geaet%c oont,rol. over klmonella flagella 1s exercised at three 
3.evels5 (1) the determination of yhqther flagellawlll be formed at all (severeI 
loci), (2) whethw they wili function in motility (two looi) and (3) their anti.7 
gedc conwtitution bm3 locus so far), %hs genetic loci involved amear to be 
entirely zqarate excwt for au unuzual %nkage~l of one of the factors of the 
ffrot group with the thkrd, Mawpent studies have been concerned primarily 
wi%h i~ogsne%ic problt?mz, Xt mzy be point ccl out o if further evidence needs 
to bo &ducedo that these .genotfc studios are entirejly ~nconefetent with Hjper"5 
themy of mot$lfty, sccordbg $0 which the flagella are accidente+l concamltanto 
of raotfon, rather than the locokotor organs themselves, 



-4- 

S. typhi, or to a monophasic v&nio&t 8. par@phi E have resulted in types whioh 
me themeelve5 monophaeio:, Xf the teehnlque can be extended to species carrying 
very infrequent somatic o.~1tig:cn5, the translnductions should be especially useful 
for the prqamtfcn of d&gnostic 85r5 which will be effectively pure without 
aboorp tioa, 

Work has been initfatsd on the genstic mechanism of phase variation, A con- 
aideration of transduction5 # 11 hurdl 12a together with other data, has led to the 
following p=adoxs when a culture is in the specific phase, the antigenic factor8 
for the eecond phase cannot be detected either in the 3% from&is &se, or by its 
8erologlcaP reactionsa The second phase la, however, latent in the barcteria bei 
cause0 for example la # 11, after b has been substituted for i, the second phase 
continues to be 1, 2, The same e&$ment holds for the latenq of. the specific 
ph8i3ee conversely0 The following hypothesis 15 suggested8 phase 1. and phase 2 
are determined by different factors at each of two 1061, respectively. The 
functioning of the two factor? is mutually excluslvep so that one locus la eome- 
how linapprees6d. En a comparable situation in Paramecium, Sonneborn has shown that 
the expression df latent serotypes is a matter of the cytoplaemic state, but it 
appeers more likely here to concern & mechanism more closely connected with th5 
looIl itself, There are few anaiogles for this behavior in-the genetics of h%gher 
forme except that many workers have made similar speculations for the differ- 
ential functioting of different genes at different times and places during embryonic 
dsvelopment, Purther 5tudie5 may be expected to furnish a solid basle for the oon- 
firmatibon os-0 refutation G .? this motheels. 

As a by-product of theas stut%I~s, many new serotypes have been reconstructed, 
as shown ln the accompanying ta’bae, XQ addition, familiar serotypes such as SO 
paratyphi B have been recovered) ao in # 11. The principal investigator la plennlng 
to initiate a more systematic program of development of Glmonella types in col- 
laboration with Dr, P, R, Edwards at the Public Health Service Communicable Diseases 
Center at Chamblee, Ga,, in the course of a forthcoming visit to his laboratory, 
New Salmonella serotypee are being isolated from the field nearly every month, 
That transduction plays a likely role in the evolution of these types seems almost 
certaias the gut environment is known potentially to contain all of the essential 
element e--Salmonella bacterfa, ph5ges and copro-sntibod$es--of the laborabory 
model. Yt msy also be argued a forterlori that care should be taken against the 
indlserlminate use of antibiotics in chemotherapy or in nutrition whiob mey 
eneourage a slmlla? ififfuslon of w-re8lstanee from ieristant variant0 that msy 
be innctmat la thsmoelveo te m6re aeriour pathogens inhabiting the aame rnvirounent o 

2, Eeaherleh%a coli, 

The discovery of the genetic oontrol of compatibility was outlined in the 
previous report, @y an extension of this work, special combinations of parents 
have been shown to give a recombination frequency of as high as ten percent in 
four hours of mixed cultum. This is still a relatively low rate for dire& 
cytological observatfone, especiaily as optimal rates of recombination are associated 
with high rates of growth, whi&i z&&e it diffimlt to follow individual cell6 urder 
the mlcroacopeO. Some observations have been made from which h&h frequency strains 
(Efr) seem to be associated with a poorly staining material that forms blebs or 
droplets nm the cell surfaceo- Hn a few lnsf8Bces. cells have been seen under 
phase microscopy that eppeared to be otnck togethe, as if by this material, but 
Pt ha.8 not yet been possible to work out their subsequent behavior either in living 



or in xmhmr staUed pqmrstlons. Bo Suggsatlcns of hc~ccellulm futlicn cr 
ccpulatlon havs Been men, As 8 workinrg hypothesis, it is suggested that the parent 
00118 become temporaPil$ 8tt&Sd to e8Ch Other, snd that 8 WC1E?US is tZ'&mmitted 
from oneb the other* fclIa;Ead by the separation of the parent cells, !&is would 
be comp5rabls to the conjugat3on observed in ciliatee, ernd consistent with the 
genetic finding th5t the zygote5 appear to occur si&y, even though the parent 
celle are presumably multfwcPeate. Dr. !I, O. Meleon and the princlpel investi- 
gator ere studying the ghyelo%oglcal conditions for optimal frequenaies of mating 
with the Kfr culture5 in order to fslci~itate further cytologlcel study, 

_ 

lb, E. %  Sederberg @ reject kssocinte, Ghemich% Corps support) and a gradgate 
6tudent. M , L Morse, ere atuWw the geuetio functions of bacterl*h8ge in E. 
csll, The latent phage 15 transmitted in crosse5 658 i:? it were attached to 8 
definite 1ocus in the braoterium. OonverselyI transductfon by bh2e pholge has 
been observed, but only for on5 raker--a locus very closely linked to the latent 
ph&ge in cr09808P Unlike S8lmonel3.a trs.n5auction, no other genetio f8CtOrS appear 
to be transmlsslb2e by this latent phage, 

The cross-fertility of new isolates of 2. 0012 has permit&G the deve%ogsent 
of an Pmmuaogenetfc prograa with thi5 org8nism (I& P, ID. Sk5er). 0, K, and H 
reagent 5er8 h8ve been developed for 5everdL strains, The results of crosses 
so far show that differeat genetic factors control each of these major antigens, 
an8 Ned combin5tions 5re produced by or0ssfn50 
0% greatest medical interest (OllU-kb and 053) 
in crossing tsstcso Susoeptlblllty to the well 
8seoofated with the 8beence either of the 0 or 
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C,, Signif icant aoooXpli8beat 0 

2, !Phe dfecovery of germtio tramduotfon 4a Salmonella, 
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Traneduoa' Tr~&ct9% 
IV, v, XII; h: 1, 2 --X IX, %IT; d: - 
typhfnmrium -. 

Iv, v, XII; g: 1, 2 -x 
P=fme=B 

Iv, XII; 9: 1, 7 -4 
alte 

Iv, v, XII; gt 1, 2 -a I%, XII; d: - 
heidelberg fxw4 

IV, v, XII; gg -15 --x 
d-0 
23, v, XII; A: 1, 2 -4 
t-- 

IV, XII; g: 1, 7 -4 
altwf. 

IV, v, XII; %: 1s 2 --x 
hafdelber~ 

I,IX, XII;&@- --a 
dmritidse 

Ip Iv, Xff; &t 88T X 
a-w 

I, IV, XII; b: ~lrrx -X IV, 8, XII; 3: x,2 
ebony Qphilmesium 

I%, XII; d: - 
%ehf 

IV, v, XII; (b): - 
paratyph5 B, 0 form 
atonopl.meic 

It@, V, XII; (8): -0 

xv, v, XII; (a): - 

TIT, 8, XII; (a): - 

XV, V, XII; (b): Q 

R%lsult 
I%, X11$ 20 - 
naw type 
I%, %II; br - 
zmw type (manophaoio s. 

09ariraorz) 
I%, XII; c1 - 
xww typfa 

HV, v* ItIE; f: - 
~ilnmfula,nQQop~3ic 

IV, v, XII; 0: - 
zd tdiorf , menophas~ c 

TV, v, %II; r: - 
heibs3bctrg, Emozlt@hi2zIIc 

IV, v, XII; gp: - 
w.w type 

ZV, V, XII; b: 2, 2 
pant*% El 

IV, v, XII; i: c'u% 
x?af type 


